Abstract-This paper discusses the impact of fill factor on the input current ripple of the photovoltaic module and the loss effect on power extracted. Photovoltaic module's P-V curve produces exponential curve. The curvature of this curve indicates the fill factor of the particular cell; hence, by increasing the fill factor, the available extracted power increases. Yet, this paper states that losses due to photovoltaic current increases by increasing the fill factor.
I. INTRODUCTION
The ripple of photovoltaic current has a notable influence when connected with switching mode power supply [1] - [4] . The perfect power supply does not reproduce ripple on the input current. Normally, power supplies are not perfect because the resistance of input produces rippled voltage and current curves at what time the input power has ripple [5] , [6] . The photovoltaic source can be both a current and voltage source. The photovoltaic array is a dynamic source of energy that has dc output voltage. Fig. 1 shows the influence of the voltage and current ripple on the power curve, where a weighty loss of power as the ripple rises. The photovoltaic cell characteristics change owing to the radiation and temperature, which decrease the average power hence increase the losses [7] . As ripple current raises the effective point transfers to the region of constant voltage on the photovoltaic characteristic curve, which outcomes in a sharp decline in the power. The nonlinear characteristics of photovoltaic panel curve obstruct the clear calculation of fill factor (FF), which is a main pointer of the photovoltaic panel performance. The fill factor is defined by the maximum power divided by the multiplication of the maximum voltage and the maximum current. For higher fill factor, the decline of the power curve becomes sharper and hence more power losses. By increasing the mean power, the operating point transfers to the point of maximum power and the ripple decreases to zero.
II. ANALYSIS AND PROBLEM DEMONSTRATION
If current ripple exist, maximum dc power cannot be achieved by achieving maximum power using any tracking algorithm [8] - [10] . For zero-ripple, the maximum power can be achieved since the PV cell maximum power point can be tracked. 
The power of any effective point, (V x , I x ), can be expanded using Taylor series as follows:
The power at maximum power point can be expressed as:
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The mean power reduction can be stated in terms of rippled voltage rms value as follow:
From (2), the first and second derivative of power can be derived in terms of current as in (6) and (7): 
at maximum power point: 
The second derivative can be concluded by substituting (9) in (7). 
The power ripple can be defined by substituting (10) and (9) 
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Current ripple with 7% rms value of the maximum power point current and 0.65 fill factor results in a 4.1% reduction in output power and with one fill factor would result in a 6.37% power output reduction. Therefore, by enhancing the fill factor the losses due to ripple current increases. At the maximum power point, with incompatibilities in irradiation or PV cell characteristics, the IV curve becomes sharper. The sharp curving characteristic increases the input current ripple influence. Consider a string of N parallel PV cells without any bypass diode. Under full irradiation level, if all cells have an open-circuit voltage V oc , but one cell is shaded with 0.5V oc open-circuit voltage, then, all cells operate at most 0.5V oc . Thus, the cells work close to their short-circuit current, and can be considered as current sources. The voltage of the maximum power point will be near 0.5V oc because, as voltage of the cells tends to 0.5V oc , the current does not descent cuttingly. Only the shaded cell current changes sharply. Hence, the current variation range for a significant voltage variation is changed by a ratio equivalent to the ratio of the number of the not shaded cells to the number of shaded ones which is N. Therefore, the effect of input ripple current can be increased by N compared to the not shaded cells case.
III. RESULTS
The MPPT converter works at the mean current value, which is identical to photovoltaic MPP of the ripple-free current. At such circumstance, the power curve has repeated minor and major power slopes, as shown in Fig. 2 , which result in converter power losses. Fig. 2 shows the curves of the power at different ripple values starting from 5% to 90% of its short circuit current, providing the mean efficiencies and power values in Table I , at 25°C and 1000W/m 2 . Therefore, the mean maximum power point is unlike the free rippled point since the ripple diverges from the operating point according to the mean rippled power curve. Ripple current influence rises by reducing the crowning of the power curve. Since the input current relies on the topology of the converter and the crowning of the power-voltage curve relies on the level of irradiance. Therefore, reducing the irradiance or working on low current raises the ratio of the input current ripple along with power losses. Simulation is presented in Fig. 3 showing the impact of the ripple. The switching frequency used is 50kHz with a Kyocera KD135GX-LP PV panel (V OC =22.1V, I SC =8.37A, V MP =17.7V, I MP =7.63A, P MAX =135W, FF=0.733). The figure is for stated test conditions, ( =0.3 to 0.9 duty cycle, G=800W/m 2 radiation, 1 to I MAX A input current).
The PV efficiency is the power transfer ratio between the terminals of the dc-to-dc converter and the PV panel while the efficiency of the dc-to-dc converter is the power transfer ratio on the converter output excluding converter losses like copper losses. Therefore, the combination between the PV efficiency and the dc-to-dc converter efficiency produces the overall efficiency of the whole system.
The experiment results in Fig. 4 show the input current ripple at maximum power point current and the overall efficiency at 1000W/m 2 . Impact of the low ripple current on dc-to-dc converter clearly exhibited on the overall efficiency. The test has been applied on three different converters with different input current ripple. The converter with lowest input current has the highest PV efficiency. In the same way, by reducing the duty cycle and the input current, the overall efficiency of the system rises. Furthermore, by increasing the fill factor, the available extracted power increases, therefore, losses due to photovoltaic current increases by increasing the fill factor. In this paper, the impact of the fill factor on the photovoltaic panel efficiency has been studied. The effect of the current ripple on the photovoltaic panel and the loss of power extracted have been considered, together with converter efficiency, thus losses in the overall system efficiency. The efficiency degrading impact of the input current ripple on the photovoltaic panel has been established. Mathematical derivation has authenticated the effect of the fill factor of the PV panel together with the ripple existence. Results showed that the overall efficiency of the PV system can be improved by decreasing the input ripple current as well as the fill factor.
